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NEW CONCEPT FOR IMPROVED
EFFICIENCY COMPRESSORS FOR HOUSEHOLD
REFRIGERATORS AND FREEZERS

Rick L. Bunch, Project Enginee r

Richard A. Stuber, Project Enginee r

Enginee ring Departm ent, Refrige ration Divisio n
Tecumseh Product s Company
Tecumseh, Michiga n 49286

ABSTRACT
High orders of end use efficien cy and reliabi lity
have been achieve d in a refrige ration compres sor
which employs an electrom agnetic linear motor.
Techniq ues of compute r-aided design were used to
explore the operati onal charact eristics of the
moving- iron compres sor and to simulat e its
operati on. Applica tion tests on prototy pe units
develop ed through extensiv e feasibi lity and
manufac turing studies confirm the perform ance
expecta tions for this unconve ntional piston pump.

type while the LePonto is motor is represe ntative of
moving coil or electrod ynamic devices .
In the 75 years since the concept s were propose d
only a limited quantity of special applica tion
compres sors have been manufac tured. Most machine s
subsequ ently patente d were never markete d because
they.we re overbur dened with add-on mechan ical and
electri cal feature s intende d to prevent destruc tive
impacts from occurrin g at the stroke limits of the
piston. Refinin g a design of either type for
refrige ration service which can compete commer cially
in the 1980's with establis hed rotary and piston
designs is a major challen ge.

INTRODUCTION
The convent ional approac h to piston pump design
include s a mechani cal linkage to convert the
rotatio nal motion of an inductio n motor into th~
recipro cating action of a piston. Commonly used
mechanisms are the Scotch yoke or the cranksh aft
and connect ing rod. Both satisfy the need for
motion convers ion, but their presenc e is an
imposit ion upon a compres sor because the inheren '
rotatio n of the driver is not compati ble with the
intende d motion of the driven element . However,
compres sor design can be simplif ied through the use
of an alterna te approac h employi ng a linear action
motor, thus elimina ting the need for a mechani cal
linkage . '

,:ommer cial accepta nce awaits the introdu ction of a
machine which preserv es the simplic ity of the
~riginal concept in a form which reflect
s thoroug h
·mdersta nding and rationa l management of the complex
interac tions -between the magneti c, spring, frictional, inertia l, and gas pressur e forces which
~ontrol piston motion.
DESIGN CRITERIA
The design philosop hy behind this developm ent was to
build a compres sor which would be c0st and energy
efficie nt through out the life cycle'o f the applian ce
int· which it would be installe d, A first require ment was that the cost to the applian ce builder stay
at )r below present levels. Long life expecta ncy
was a second compres sor requirem ent. While low cost
and high durabil ity are essenti al design criteri a,
they are not sufficie nt for a new product offerin g
to energy conscio us consume rs. Superio r operatin g
~fficiency was the prime goal for the
design effort.

HISTORICAL BACKGROUND
Two designs represe nt the basic types of linear
action motors which have been applied to refriger~
tion compres sors. A patent on an electric ally
actuate d pump was issued in 1891 to Charles J. Van
Depoele of Lynn, Massac husetts. His machine was
powered by two solenoi d coils wound at opposit e end~
of a thin brass cylinde r. An iron piston was ttraWT
back and forth by alterna tely energiz ing the magn~~
coils. Leon J. LePonto is of Pittsbu rg, Pennsyl va.nia· receive d aU. S. patent in 1901 for a compres sor
which used a type of linear motor in which a current
carryin g coil of wire slid in and out of the air
space between the pole pieces of a permane nt magnet..
A piston connect ed to the coil moved in respons e r,<'
the attract ive and repulsiv e forces which were
develop ed as the field of the electrom agnet was
reverse d. Van Depoele 's actuato r was of the
electrom agnetic or moving -iron, variabl e reluctanc~

Manufac turing costs are kept low by preserv ing the
simplic ity of the concept in a mechanism having a
small number of parts which can be produce d with
little materia l waste and assembl ed with minimal
~abor.
Smaller in size and lighter in weight than
convent ional designs , the present compres sor needs
no motor start winding nor start relay. The
impedan ce protect ed motor circuit consist s of two
series wound coils and a solid state rectifi er. The
limits of motion of the piston and armatur e assembl y
have been control led without the aid of pneumat ic
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dampers, fixed stops, position sensors, or
auxiliary electrical controls.

It is important to note three items at this point;
The data on Linear compressors is averaged from
tests on many prototypes.
2. The comparisons are for the Linear compress.or
versus conventional designs produced by several
manufacturers, both domestic and foreign, including
those of Tecumseh Products Company.
3. In each case the cabinet was first tested "as
received" and then a Linear compressor was installed
with no other system changes. Further performance
optimization may be achieved by system modifications
such as condenser sizing, restrictor sizing,
refrigerant charge, and elimination of the cooler or
desuperheater circuit.
1.

Compressor longevity is assured because the balanc.ed
forces imparted by the inter-nesting zero pitch
springs result in low bearing loads on the piston
and shaft surfaces.
Operating efficiency originates with motor design
and construction features which minimize hysteresis
and eddy current heating losses. Diversion of input
energy to mechanical losses has been avoided by
limiting the number of other moving parts together
with the bearing surfaces necessary to constrain
them. Sliding fri.ction occurs on one end of the
armature assembly as the piston runs on the cylinder
bore and at the other end via shaft contact with the
spring support frame. Shaft loading arises from
minor imbalance in the spring and magnetic forces
and is of such low order that lubrication can be
ade~uately applied by splashing from the immersed
portions of the motor and springs.

Graphs are presented below which show the improvement in power consumption for an average number of
Linear tests compared to a like number of conventional compressors.

C '::}CLING CONDITION
CI-IEST FREEZERS

PRINCIPLE OF OPERATION
Operation of the compressor is best understood by
.considering the relations of various parameters
during one 360° electrical cycle at typical
conditions. At 0° electrical time, the armature
assembly is moving away from the valve plate and the
voltage and current are beginning to rise. The
force building in the compressed springs is supplemented by magnetic force originating with the
increase of flux in the armature and motor core.
'!rhe intake stroke ends when the spring and magnetic
forces have risen sufficiently to overcome the
momentum of the shaft assembly. The magnetic force
continues to increase and motion toward the valve
plate begins. At approximately 208°, the spring
force diminishes to. zero and the armature passes
its neutral position dominated by the magnetic
force. As the piston approaches the valve plate,
its motion is retarded by the transfer of energy
to the compressed gas and the extending springs.
At 265°, when the magnetic force and the rate of
change of momentum of the moving assembly become
e~ual to the sum of the spring and pressure forces,
motion toward the valve plate is arrested. The
magnetic force declines as spring and pressure
forces return the shaft assembly toward the neutral
position. Flux, current, and magnet force go to
z-ero at about 320°. The neutral position is passed
at 330° and is accompanied by the start of spring
compression and the approach of the next voltage
rise.
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A timing diagram and more detailed explanation of
compressor operation are contained in United States
Patent 3,947,155 assigned to Tecumseh Products
Company.
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In calorimeter tests this compressor has proven to
be more efficient than conventional pumps. Comparative data using several commercial chest freezers
and conventional refrigerators display the excellent
efficiency of our Linear compressor design. The
prime goal of superior operating efficiency has been
achieved.
·
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From cycling data for chest freezers, conventional,
and two temperature cycle defrost refrigerators,
the Linear compressor shows a reduction in power
consumption of from 4% at the least, and up to 26%.
Final re~uirements of any ~uality product are
longevity and reliability. The original design and
many prototypes have been under test for over ten
years. During that time, many changes and refinements have been made. The compressor's ability to
withstand vigorous cycling and continuous run
endurance tests for substantial lengths of time has
been fortified. A number of refrigerators and
freezers fitted with Linear compressors have been
in continuous home use for over two years and have
shown excellent results.

CONCLUSION
In conclusion, it should be made clear that this
data does not refer to production Linear compressors. However, the substantial ~uantity of
laboratory prototypes, which are physically similar
to the proposed production compressor, do provide a
sound basis for the information contained in this
paper. We expect to record performance and
reliability data on compressors being built in
production for a field pilot run, which will
closely approximate the information obtained from
earlier prototypes. When verification is realized.
this linear design will be a cost and energy
efficient refrigeration compressor which can meet
the needs of the 1980's.
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